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CLAIMS 

We claim: 

1 . A computeris 5*«riethod for dental imaging comprising: 
receiving^ pijLraMy of two-dimensional images of a oral cavity; and 
generating aMera one three-dimensional image of the oral cavity from the 

plurality ol\two-dimensional images. 

2. The computerized method of claim 1, wherein the plurality of two-dimensional 
images further com&rises a plurality of two-dimensional optical images. 



3. The computerized method of claim 1, further comprising: 

constructing a physical cast of the oral cavity from the three-dimensional image. 

4. The computerized metfiod of claim 1 , further comprising: 

generating the pluralityW two-dimensional images of the oral cavity from a 
common reference point in three-dimensional space. 



The computerized method of claim 1, wherein the generating further comprises: 
generatingyshape-from-shading data from the plurality of two-dimensional images 
using^ shape-from-shading process, the shape-from-shading data 
comprising a first plurality of three-dimensional points; 
generating range data comprising a second plurality of three-dimensional points 
from the plurality of two-dimensional images using a range-data process; 
fusing the range data to the shape-from-shading data, yielding fused data 

comprising a third plurality of three-dimensional points; 
registering the fused data, yielding registered data comprising a fourth plurality of 

three-dimensional points; 
triangulating the registered data, yielftjng the at least one three-dimensional image 
of the oral cavity. 
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6. T^ie computerized method of claim 5, wherein the generating shape-from-shading 
data further comprises: 

estimating the direction of the illuminant from the plurality of two-dimensional 

lages, in reference to camera intrinsic parameters; and 
determining a solution to a brightness equation, yielding the shape-from-shading 
data\omprising a first plurality of three-dimensional points. 




7. The computerized method of claim 5, wherein the fusing the range data to the 
shape-from-shading data further comprises: 

calculating the errordifference in available depth measurements of the range data 

and the shape-from-shading data; 
approximating a surface the fits the error difference, yielding an approximated 
surface; and 

correcting the shape-from-khading data from the approximated surface, yielding 
fused data comprising a third plurality of three-dimensional points; 



8. A computer-mada^le-niedium having computer-executable instructions to cause a 
computer to perform aotaetihod comprising: 

receiving a ^lurali^ of ^to-dimensional optical images of an oral cavity; and 
generating at least OT^uiree-dimensional image of the oral cavity from the 
plurality of jwo^imensional images. 



The computerized method of claim 8, further comprising: 
constructing a physical cast of the oral cavity from the three-dimensional image. 

The computerized metho^f claim 8, further comprising: 
generating the plurality of two-dimensional images of the oral cavity from a 
common reference poiM in three-dimensional space. 



1 1 . The computerized method of claim 8, wherein the generating further comprises: 
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generatir^g shape-from-shading data from the plurality of two-dimensional images 
ig a shape-from-shading process, the shape-from-shading data 
comprising a first plurality of three-dimensional points; 
generating rartge data comprising a second plurality of three-dimensional points 
from tha plurality of two-dimensional images using a range-data process; 
fusing the range nata to the shape-from-shading data, yielding fused data 

comprising a third plurality of three-dimensional points; 
registering the fused data, yielding registered data comprising a fourth plurality of 

three-dimens\onal points; and 
triangulating the registered data, yielding the at least one three-dimensional image 
of the oral cavitV 



12. The computerized method of claim 11, wherein the generating shape-from- 
shading data furthepcomprises: 

estimating the direction of the illuminant from the plurality of two-dimensional 

images, in \eference to camera intrinsic parameters; and 
determining a solution to a brightness equation, yielding the shape-from-shading 
data comprising^ first plurality of three-dimensional points. 



1 3. The computerized methockof claim 1 1 , wherein the fusing the range data to the 
25 shape-from-shading data further comprises: 

calculating the error difference in available depth measurements of the range data 

and the shape-from-shiding data; 
approximating a surface the fits\£he error difference, yielding an approximated 
surface; and 

30 correcting the shape-from-shading \lata from the approximated surface, yielding 

fused data comprising a thirctyplurality of three-dimensional points; 



14. A three-dimensional digital image of a^iuman oral cavity produced by the process 
comprising: 
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generating a plurality of two-dimensional optical images of the oral cavity from a 

cpmmon reference point in three-dimensional space; 
generating shape-from-shading data from the plurality of two-dimensional images 
sing a shape-from-shading process, the shape-from-shading data 
corHprising a first plurality of three-dimensional points; 
generating ratage data comprising a second plurality of three-dimensional points 
from tnfe plurality of two-dimensional images using a range-data process; 
fusing the range iiata to the shape-from-shading data, yielding fused data 

comprising^ third plurality of three-dimensional points; 
registering the fused (data, yielding registered data comprising a fourth plurality of 

three-dimensional points; and 
triangulating the registered data, yielding the one three-dimensional image of the 
oral cavity. 

15. The three-dimensional digitalVmage of a human oral cavity of claim 14, produced 
by the process wherein generating shape-from-shading data further comprises: 

estimating the direction of the ilmminant from the plurality of two-dimensional 
images, in reference to camera intrinsic parameters. 

16. A system for dental diagnosis comprising: 
a processor; and 

software means operative on the processor for generating a three-dimensional 

image of a human jaw, includingWnerating shape-from-shading data that 
is generated from a direction of amilluminant of the jaw that is estimated 
in reference to camera intrinsic parameters. 



17. A computerized system comprising:' 

a digitizer providing five degrees of f)eedom,UiWing an arm; 
a charge coupled device camera, rigidly^ mount&a on the arm of the digitizer; and 
a computer, operably coupled to the digitizepanM the camera; receiving coordinate 
measurements from the digitizer arid a plurality of two-dimensional 
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images from the camera; and generating a digital three-dimensional model 
from the coordinate measurements and from the plurality of two- 
dimensional images. 

18. The computerizecksystem of claim 17, further comprising: 

a rapid prototyping Wchme operably coupled to the computer, receiving the 
digital three-cnmensional model and generating a physical model of the 
digital three-dinaensionarmodel. 



19. The computerized/systemW claim ly, further comprising: 

a display operably coupled ro the computer, receiving the digital three- 
dimensional model an^J generating an image of the digital three- 
dimensional model. 



20. Th^omputerized system of cjdim 17, the computer further comprises: 
a computer readable medium comprising means of: 

generatii^hape-fromLsnading data from the plurality of two-dimensional images 
using^ shap^from-shading process, the shape-from-shading data 
comprising a first plurality of three-dimensional points; 
generating range di^Jcomprising a second plurality of three-dimensional points 
from the plurality of two-dimensional images using a range-data process; 
fusing the range data to the shape-from-shading data, yielding fused data 

comprising a third plurality of three-dimensional points; 
registering the fused data, yielding registered data comprising a fourth plurality of 

three-dimensional points; 
triangulating the registered data, yieldmg the one three-dimensional image of the 
oral cavity. 
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